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BACKGROUND OF THE INVENTION 

1. Field of the Invention; 

[0001] The present Invention relates to an optical also 
apparatus for use to reaa and/or .rite .ata fro^/on an 
optical aisc using a ll..t .ear.. More specifically. t.e 
present Invention relates to an optical disc arlve w.lcn can 
.ea. ana/or vrlte data wit. nl.n density accurately 
detecting and correcting a spherical aberration caused by a 
Change In the thlcKness of a protective layer of an optical 
aisc particularly when a light bean, Is converged using a lens 
or the like with a large numerical aperture. 



Description of th> . Related Art: 
[0002, optical recording medium have been conventionally 
proposed as recording mediums for storing Information such as 
Video information, audio Information, or programs and data 
.or computers. The optical disc drive can read and/or write 
aata from/on the optical recording medium by using optical 
system. For example, the following mediums are known: read- 
only/writable type optical discs represented by a CD (Compact 
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Disc), a DVD (Digital Versatile Disc) , and a BD (Blu-ray 
Disc), a PD (phase-change optical Disc), an MO (Magneto 
Optical) disc, and optical cards. 

[00031 in the following explanation, an optical recording 
medium represents an optical disc. For example, as shovm in 
FIG. 1. the optical disc has an information storage layer 29 
for storing information. An optical disc drive writes data 
on the information storage layer 29 and read the data from 
the information storage layer 29 by using optical means. The 
information storage layer 29 is protected by a protective 
layer 25. 

[0004] initially, referring to FIG. 14, a configuration of 
a conventional optical disc drive will be discussed below. 
Such an optical disc drive is described in. for example. 
Japanese Patent Laid-Open Publication No. 2002-190125. 

[0005] FIG. 14 shows the configuration of the functional 
block of a conventional optical disc drive 140. A disc motor 
10 of the optical disc drive 140 rotates an optical disc 20 
as an information carrier, with a predetermined number of 
revolutions. A light beam 30 emitted from a semiconductor 
laser light source 3 is converged to the information storage 
layer of the optical disc 20 by an objective lens 1. A focus 
actuator 2 moves the objective lens 1 in a substantially 
perpendicular direction (focusing direction) to an 



information storage layer 29 of the optical disc 20 so as to 
change the convergence position of the light beam. As a 
result, a beam spot Is formed on a desired position of the 
information storage layer. The control of a convergence 
position by using the focus actuator 2 is called "focus 
control" . 

[0006] The light beam 30 reflected by the information 
storage layer 29 of the optical disc 20 passes through the 
objective lens 1 and is received by a photodetector 4, and 
the reflected light beam 30 is detected as photocurrent of a 
level corresponding to a quantity of received light. The 
objective lens 1 is adjusted in consideration of the 
influence caused by the thickness of the protective layer of 
the optical disc 20. To be specific, a correction quantity 
of spherical aberration Is adjusted on the assumption that 
focus control is stably performed on the information storage 
layer 29 of the optical disc 20. thereby obtaining a high- 
quality information signal. The "spherical aberration" means 
a displacement between the focal position of light passing 
through the Inside of the objective lens 1 and the focal 
position of light passing through the outside of the 
objective lens 106. 

[0007] The following will describe the detail of the focus 
control and spherical aberration control which relates to the 
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correction of a spherical aberration. 

[0008] Referring to FIG. 15, the focus control will be 
firstly described below. Note that the following optical 
system constitutes a detection system which detects a focus 
error by a typical astigmatism method. FIG. 15 shows a 
detailed configuration of the photodetector 4 and a 
preamplifier 11. The photodetector 4 for detecting 

photocurrent includes an outer peripheral photodetector 40 
and an inner photodetector 41, and each of the receiving 
parts has four light -receiving areas. The light -receiving 
areas A to D of the outer peripheral photodetector 40 receive 
light of the outer peripheral portion of the reflected light 
beam 30 (hereinafter, referred to as "outer peripheral 
light"). The light -receiving areas A to D of the inner 
photodetector 41 receive light of the inner portion of the 
reflected light beam 30 (hereinafter, referred to as "inner 
light"). Additionally, outer peripheral light and inner 
light can be obtained by providing, for example, a beam 
splitter 47, a light shielding plate 48 for shielding inner 
light, and a light shielding plate 49 for shielding outer 
peripheral light of FIG. 3. 

[0009] Each of the light -receiving areas generates 
photocurrent of a level corresponding to a quantity of 
received light and outputs photocurrent to the preamplifier 
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11. The preamplifier 11 has I/V converters 42a to 42d and 
43a to 43d which correspond to the light -receiving areas, 
respectively, and convert received photocurrent to voltage. 
Converted voltage signals are outputted to an outer 
peripheral FE generator 44 and an inner FE generator 45. 

[0010] The outer peripheral FE generator 44 generates an 
error signal based on the output signal of the preamplifier 
11 according to the astigmatism method. The error signal 
indicates an error between the beam spot of outer peripheral 
light and the perpendicular direction of the optical disc 20. 
The error signal indicates a focus error of outer peripheral 
light and will be referred to as an "outer peripheral FE 
signal". On the other hand, the inner FE generator 45 
generates an error signal based on the output signal of the 
preamplifier 11 according to the astigmatism method. The 
error signal indicates an error between the beam spot of 
inner light and the perpendicular direction of the optical 
disc 20. The error signal indicates a focus error of inner 
light and will be referred to as an "inner FE signal". 

[0011] A focus error generator 7 sums the output signals 
of the outer peripheral FE generator 44 and the inner FE 
generator 45 and generates an error signal indicating an 
error between the perpendicular direction of the optical disc 
20 and a beam spot generated by all the light beams outputted 
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from the light source 3. The error signal is referred to as 
a so-called focus error signal and will be referred to an "FE 
signal" below. Although the generating method of the FE 
signal is somewhat different from that of the FE signal 
generated by the astigmatism method, the characteristics are 
the same. 

[0012] The FE signal serving as an output signal of the 
focus error generator 7 is outputted to a focus actuator 
driver 9 after filter computing such as phase compensation 
and gain compensation is performed in a focus controller 17. 
The focus actuator driver 9 receives the signal processed by 
the focus controller 17 to generate a drive signal. 

[0013] The objective lens 1 is driven by the focus 
actuator 2 which operates based on the drive signal from the 
focus actuator driver 9. A state of a beam spot is 
controlled so as to have a predetermined converging state on 
the information storage layer 209 of the optical disc 20, 
which realizes focus control. 

[0014] Referring to FIGS. 16A and 16B, spherical 
aberration will be described below. FIG. 16A shows that no 
spherical aberration is produced at the information storage 
layer 29. FIG. 16B shows that spherical aberration is 
produced at the information storage layer 29. 



[0015] In the state of FIG. 16A. a thickness DA from the 
surface of the optical disc 20 to the Information storage 
layer Is optimum relative to the light beam 30. In a state 
in which focus control is performed, a light beam emitted 
from the light source 3 is refracted on the protective layer 
25 of the optical disc 20. The light beam on the outer 
periphery (outer peripheral light beam) 30-1 is collected on 
point C, and a light beam on the inner periphery (inner light 
beam) 30-2 is collected on point B. Position A is defined on 
a straight line passing through focus B and focus C and on 
the information storage layer 29. Since no spherical 
aberration is produced at the information storage layer 29 of 
the optical disc 20, the focus C of the outer peripheral 
light beam 30-1 and the focus B of the inner light beam 30-2 
both coincide with the position A. Namely, an equidistant 
surface from the position A and the wave front of the light 
beam coincide with each other. 

[0016] Meanwhile, in the state of FIG. 16B, a thickness (a 
thickness of the protective layer 25) DB from the surface of 
the disc to the information storage layer is smaller than the 
thickness DA of the protective layer 25. As a result, the 
focus C of the outer peripheral light beam 30-1 and the focus 
B of the inner light beam 30-2 are separated from each other, 
and the two focuses enter a defocusing state relative to the 
position A of the information storage layer 29 where the 



light beam 30 should be entirely converged. Namely, 
spherical aberration is produced. Then, as a thickness DB of 
the protective layer 25 decreases, the influence on the 
spherical aberration increases. In FIG. 16B, solid lines 
indicate the outer peripheral light beam 30-1 and the inner 
light beam 30-2 when spherical aberration is produced, and 
broken lines indicate the outer peripheral light beam and the 
inner light beam when no spherical aberration is produced. 

[0017] However, even when spherical aberration is 
produced, focus control is performed so that an FE signal 
outputted from the focus error generator 7 becomes 
substantially 0. Thus, it can be said that the focal 
position A of the light beam 30 coincides with the 
information storage layer 29. Unlike FIG. 16A, the wave 
front of the light beam does not coincide with the 
equidistant surface from the position A. 

[0018] The focus B and the focus C are separated from each 
other also when the protective layer 25 has a larger 
thickness than the thickness DA of the protective layer shown 
in FIG. 16A. The two focuses enter a defocusing state 
relative to the position A of the information storage layer 
29. Thus, spherical aberration is produced. 

[0019] Referring to FIG. 14 again, the following will 
describe spherical aberration control for correcting 



spherical aberration. The outer peripheral FE generator 44 
and the Inner FE generator 45 output an outer peripheral FE 
signal and an inner FE signal including an influence quantity 
of spherical aberration on an outer peripheral light beam (a 
defocusing quantity of the focus C) and an influence quantity 
of spherical aberration on an inner light beam (a defocusing 
quantity of the focus B) , respectively. A spherical 
aberration detector 31 calculates a difference between the 
outer peripheral FE signal and the inner FE signal by 
arithmetic and generates a signal corresponding to a quantity 
of spherical aberration produced at the convergence position 
A (hereinafter. referred to as a "spherical aberration 
signal" ) . 

[0020] A spherical aberration controller 35 compensates 
the phase of the spherical aberration signal and performs 
filter computing such as gain compensation. Thereafter, the 
spherical aberration controller 35 outputs the processed 
spherical aberration signal to a beam expander driver 33. 
The beam expander driver 33 generates a drive signal based on 
the spherical aberration signal and impresses the drive 
signal to a correction actuator 34. The spherical aberration 
correction actuator 34 changes an interval between spherical 
aberration correction lenses 15 based on the drive signal and 
sets a spherical aberration substantially at 0. As a result, 
the focus C of the outer peripheral light beam and the focus 



B of the inner light beam coincide with the position A. In 
this manner, spherical aberration control Is performed. 

[00211 Referring to FIGS. 17A to 17E and FIGS. 18A to 18E. 
the following will describe the influence of the FE signal, 
which IS Obtained in the defocuslng state, on the spherical 

aberration signal. In the following explanation, spherical 

aberration control Is not performed. 

[0022] FIG. 17A shows a cross sectional view of a light 
beam divided into the outer peripheral light beam 30-1 and 
the inner light beam 30-2 at the position of a 50% radius 
from the center of a received light beam. FIG. 17B shows the 
waveform of the outer peripheral FE signal. Similarly. FIG. 
17C indicates the waveform of the inner FE signal. FIG. 17D 
Shows the waveform of the FE signal, and FIG. 17E shows the 
waveform of the spherical aberration signal. In the graphs 
of FIGS. 17B to 17E. the vertical axes indicate the voltage 
levels of the signals, and the horizontal axes indicate 
defocuslng quantities. As described above, regarding the 
outer peripheral FE signal of FIG. 17B and the inner FE 
signal of FIG. 170. when addition is performed, the FE signal 
of FIG. 17D IS obtained. When subtraction is performed, the 
spherical aberration signal of FIG. 17E Is obtained. 

[0023] When the outer peripheral light beam 30-1 and the 
inner light beam 30-2 are divided as shown In FIG. 17A. the 
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outer periphery is larger in light quantity than the inner 
periphery. Thus, the outer peripheral FE signal of FIG. 17B 
is larger in amplitude than the inner FE signal of FIG. 17C. 
AS a result, even though a spherical aberration remains 
constant, as shown in FIG. 17E, the level of spherical 
aberration signal changes according to a defocusing quantity. 
Besides, as is understood from FIGS. 17D and 17E, the 
polarity of the spherical aberration signal is the same as 
that of the FE signal. The spherical aberration signal is 
delayed by 0 degree from the phase of the FE signal. 

[0024] Meanwhile, FIG. 18A indicates a cross sectional 

view of a light beam divided into the outer peripheral light 
beam 30-1 and the inner light beam 30-2 at the position of a 
75% radius from the center of a received light beam. FIG. 
18B indicates the waveform of the outer peripheral FE signal. 
Similarly, FIG. 18C indicates the waveform of the inner FE 
signal, FIG. 18D shows the waveform of the FE signal, and 
FIG. 18E shows the waveform of the spherical aberration 
signal. In FIGS. 18B to 18E, the vertical axes indicate 
voltage levels, and the horizontal axes indicate defocusing 
quantities . 

[0025] When the outer peripheral light beam 30-1 and the 
inner light beam 30-2 are divided as shown in FIG. 18A, the 
inner periphery is larger in light quantity than the outer 
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periphery. Thus, the inner FE signal of FIG. 17C is larger 
in amplitude than the outer peripheral FE signal of FIG. 17B. 
AS a result, even though a spherical aberration remains 
constant, as shown in FIG. 18E, the level of spherical 
aberration signal changes according to a defocusing quantity. 
Besides, as is understood from FIGS. 18D and 18E, the 
spherical aberration signal is opposite in polarity to the FE 
signal. The spherical aberration signal is delayed by 180 
degrees from the phase of the FE signal. 

[0026] in the beam spot, a spherical aberration is 

produced according to a thickness of the protective layer 25 
in proportion to the fourth power of the numerical aperture 

{hereinafter, referred to as "NA" ) of the objective lens 1. 

in the case of a conventional optical disc (DVD, etc.) 

allowing an NA of about 0.6, a spherical aberration caused by 

an uneven thickness of the protective layer 25 is negligible 

within a permissible range. 

[0027] However, for example, in the case of an optical 
disc such as a ED requiring the light source 3 having an NA 
of 0.85 and a wavelength of 405 nm, in order to obtain a 
high-quality information signal, the aberration of a light 
source, particularly a spherical aberration caused by the 
objective lens 1 and the protective layer 25 of the optical 
disc, may not be negligible. 
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[0028] Although a method using the spherical aberration 
signal to correct a spherical aberration has been considered, 
a spherical aberration caused by an uneven thickness of the 
protective layer 25 may not be accurately corrected, since 
the spherical aberration signal includes an error in the 
defocusing state. 



SmiMARY OF THE INVENTION 

[0029] It is an object of the present invention to 

generate a spherical aberration signal which does not include 
an error even in the defocusing state, positively correct a 
spherical aberration by using the spherical aberration 
signal, and stably read and/or write data even when the 
protective layer 25 of the optical disc has an uneven 
thickness . 

[0030] An optical disc drive according to a preferred 
embodiment of the present invention reads data from an 
optical disc and/ or writes data on an optical disc having an 
information storage layer. The optical disc drive preferably 
includes a light source. a collector optics, a light- 
receiving section, a first and a second focus signal 
generating sections, a first and a second light quantity 
generating sections, a first and a second normalizing 
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sections and a detecting section. The collector optics 
focuses light from the light source. The light -receiving 
section receives a peripheral part of the light reflected by 
the information storage layer to generate a first detection 
signal and receives a non -peripheral part of the light to 
generate a second detection signal. The first focus signal 
generating section generates a first focus signal based on 
the first detection signal according to a focusing state of 
the light in the peripheral part. The second focus signal 
generating section generates a second focus signal based on 
the second detection signal according to a focusing state of 
the light in the non -peripheral part. The first light 
quantity generating section generates a first light quantity 
signal based on the first detection signal according to a 
light quantity of the peripheral part. The second light 
quantity generating section generates a second light quantity 
signal based on the second detection signal according to a 
light quantity of the non -peripheral part. The first 
normalizing section generates a first normalized signal by 
normalizing the first focus signal based on the first light 
quantity signal. The second normalizing section generates a 
second normalized signal by normalizing the second focus 
signal based on the second light quantity signal. The 
detecting section generates a spherical aberration signal 
based on the first normalized signal and the second 
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normalized signal according to a quantity of spherical 
aberration produced at a focusing position of the light. 

[0031] In one preferred embodiment of the present invention, 
the optical disc drive may include a third focus signal 
generating section for calculating a sum of the first focus 
signal and the second focus signal to generate a third focus 
signal indicating a focusing state of the light. 

[0032] In still another preferred embodiment of the present 
invention, the detecting section may calculate a difference 
between the first normalized signal and the second normalized 
signal to generate the spherical aberration signal. 

[0033] In yet another preferred embodiment of the present 
invention, the optical disc drive may include a driver for 
generating a drive signal according to the spherical 
aberration signal and a correcting section for changing 
optical characteristics of a path of the light according to 
the drive signal and for correcting the spherical aberration 
produced at the focusing position of the light. 

[0034] In still another preferred embodiment of the present 
invention, the correcting section may correct a spherical 
aberration substantially to 0 according to the drive signal. 

[0035] In yet another preferred embodiment of the present 

invention, the optical disc drive may include a focus control 
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section for generating a position changing signal according 
to the third focus signal and Include a position changing 
section for changing a position of the collector optics 
perpendicularly to the information storage layer according to 
the position changing signal and changing the focusing 
position of the light. 

[0036] In one preferred embodiment of the present Invention, 

the first normalizing section may generate values of the 
first normalized signal by dividing values of the first focus 
signal by values of the first light quantity signal, and the 
second normalizing section may generate signal values of the 
second normalized signal by dividing values of the second 
focus signal by values of the second light quantity signal. 

[0037] An optical disc drive according to a preferred 
embodiment of the present invention reads data from an 
optical disc and/or writes data on an optical disc having an 
information storage layer. The optical disc drive preferably 
includes a light source, a collector optics, a light - 
receiving section, a first and a second focus signal 
generating sections, a first and a second measuring sections, 
a first and a second normalizing sections, and a detecting 
section. The collector optics focuses light from the light 
source. The light -receiving section receives a peripheral 
part of the light reflected by the information storage layer 
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to generate a first detection signal and receives a non- 
perlpheral part of the light to generate a second detection 
signal. The first focus signal generating section generates 
a first focus signal based on the first detection signal 
according to a focusing state of the light in the peripheral 
part. The second focus signal generating section generates a 
second focus signal based on the second detection signal 
according to a focusing state of the light in the non- 
peripheral part. The first measuring section measures 
amplitude of the first focus signal to generate a first 
amplitude signal. The second measuring section measures 
amplitude of the second focus signal to generate a second 
amplitude signal. The first norroalizing section generates a 
first normalized signal by normalizing the first focus signal 
based on the first amplitude signal. The second normalizing 
section generates a second normalized signal by normalizing 
the second focus signal based on the second amplitude signal. 
The detecting section generates a spherical aberration signal 
based on the first normalized signal and the second 
normalized signal according to a quantity of spherical 
aberration produced at a focusing position of the light. 

[0038] In one preferred embodiment of the present invention, 

the optical disc drive may include a driver for generating a 
drive signal according to the spherical aberration signal; 
and a correcting section for changing optical 
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characteristics of a path of the light according to the drive 
signal and for correcting the spherical aberration produced 
at the focusing position of the light. 

[0039] In one preferred embodiment of the present invention, 

the correcting section corrects a spherical aberration 
substantially to 0 according to the drive signal. 

[0040] In still another preferred embodiment of the present 

Invention, the optical disc drive may Include a position 
changing section for changing a position of the collector 
optics perpendicularly to the information storage layer and 
for changing the focusing position of the light. When the 
position changing section changes the position of the 
collector optics perpendicularly to the information storage 
layer, the first measuring section may detect a maximum level 
and a minimum level of the first focus signal and may measure 
a difference between the maximum level and the minimum level 
as amplitude of the first focus signal. The second measuring 
section may detect a maximum level and a minimxim level of the 
second focus signal and may measure a difference between the 
maximum level and the minimum level as amplitude of the 
second focus signal. 

[0041] An optical disc drive according to a preferred 
embodiment of the present invention reads data from an 
optical disc and/or writes data on an optical disc having an 
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information storage layer. The optical disc drive preferably 
Includes a light source, a collector optics, a light - 
receiving section, a spherical aberration detecting section, 
a light quantity detecting section, and a normalized 
aberration detecting section. The collector optics focuses 
light from the light source. The light -receiving section 
receives the light reflected by the information storage layer 
to generate a detection signal. The spherical aberration 
detecting section generates a spherical aberration signal 
based on the detection signal according to a quantity of 
spherical aberration produced at a focusing position of the 
light. The light quantity detecting section generates a 
light quantity signal based on the detection signal according 
to a quantity of the light. The normalized aberration 
detecting section normalizes the spherical aberration signal 
based on the light quantity signal to generate a normalized 
spherical aberration signal. 

[0042] In one preferred embodiment of the present invention, 

the light -receiving section may have light -receiving elements 
including a first light -receiving element and a second light- 
receiving element. In receipt of the light, the first light- 
receiving element receives a peripheral part of the light 
reflected by the information storage layer and the second 
light -receiving element receives a non-peripheral part of the 
light. As a result of the reception, at least one of a first 
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detection signal generated In the first light -receiving 
element and a second detection signal generated in the second 
light -receiving element is outputted to the light quantity 
detecting section. 

[0043] In still another preferred embodiment of the present 

invention, the light -receiving section further may include a 
third light -receiving element for receiving an entire light 
to generate a third detection signal. The light -receiving 
section outputs at least one of a first detection signal 
generated in the first light -receiving element and a second 
detection signal generated in the second light -receiving 
element and the third detection signal to the light quantity 
detecting section. 

[0044] In yet another preferred embodiment of the present 

invention, each of the light -receiving elements may generate 
a detection signal having a signal level according to 
received light quantity. The light -receiving section outputs 
one of the detection signals having a maximum signal level to 
the light quantity detecting section. 

[0045] A method according to a preferred embodiment of the 
present invention is used for reading data from an optical 
disc and/or writing data on an optical disc having an 
information storage layer. The method includes steps of: 
focusing light from a light source; receiving a peripheral 
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part of the light reflected by the Information storage layer 
to generate a first detection signal; receiving a non- 
peripheral part of the light to generate a second detection 
signal; generating a first focus signal based on the first 
detection signal according to a focusing state of the light 
in the peripheral part; generating a second focus signal 
based on the second detection signal according to a focusing 
state of the light in the non-peripheral part; generating a 
first light quantity signal based on the first detection 
signal according to a light quantity of the peripheral part; 
generating a second light quantity signal based on the second 
detection signal according to a light quantity of the non- 
peripheral part; generating a first normalized signal by 
normalizing the first focus signal based on the first light 
quantity signal; generating a second normalized signal by 
normalizing the second focus signal based on the second light 
quantity signal; and generating a spherical aberration signal 
based on the first normalized signal and the second 
normalized signal according to a quantity of spherical 
aberration produced at a focusing position of the light. 

[0046] A data writing method according to a preferred 
embodiment of the present invention is used for reading data 
from an optical disc and/or writing data on an optical disc 
having an information storage layer. The method preferably 
includes steps of: focusing light from a light source; 
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receiving a peripheral part of the light reflected by the 
information storage layer to generate a first detection 
signal; receiving a non -peripheral part of the light to 
generate a second detection signal; generating a first focus 
signal based on the first detection signal according to a 
focusing state of the light in the peripheral part; 
generating a second focus signal based on the second 
detection signal according to a focusing state of the light 
in the non-peripheral part; measuring amplitude of the first 
focus signal to generate a first amplitude signal; measuring 
amplitude of the second focus signal to generate a second 
amplitude signal; generating a first normalized signal by 
normalizing the first focus signal based on the first 
amplitude signal; generating a second normalized signal by 
normalizing the second focus signal based on the second 
amplitude signal; and generating a spherical aberration 
signal based on the first normalized signal and the second 
normalized signal according to a quantity of spherical 
aberration produced at a focusing position of the light. 

[00471 A data writing method according to a preferred 
embodiment of the present invention is used for reading data 
from an optical disc and/or writing data on an optical disc 
having an information storage layer. The method preferably 
includes steps of: focusing light from a light source; 
receiving the light reflected by the information storage 



layer to generate a detection signal; generating a spherical 
aberration signal based on the detection signal according to 
a quantity of spherical aberration produced at a focusing 
position of the light; generating a light quantity signal 
based on the detection signal according to a quantity of the 
light; and normalizing the spherical aberration signal based 
on the light quantity signal to generate a normalized 
spherical aberration signal. 

[0048] A computer program product according to a preferred 
embodiment of the present Invention is preferably used with 
an optical disc drive to read data from an optical disc 
and/or to write data on an optical disc having an information 
storage layer. The computer program product causes the 
optical disc drive to perform steps of: focusing light from a 
light source of the optical disc; receiving a peripheral part 
of the light reflected by the Information storage layer to 
generate a first detection signal; receiving a non-peripheral 
part of the light to generate a second detection signal; 
generating a first focus signal based on the first detection 
signal according to a focusing state of the light in the 
peripheral part; generating a second focus signal based on 
the second detection signal according to a focusing state of 
the light in the non -peripheral part; generating a first 
light quantity signal based on the first detection signal 
according to a light quantity of the peripheral part; 
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generating a second light quantity signal based on the second 
detection signal according to a light quantity of the non- 
peripheral part; generating a first normalized signal by 
normalizing the first focus signal based on the first light 
quantity signal; generating a second normalized signal by 
normalizing the second focus signal based on the second light 
quantity signal: and generating a spherical aberration signal 
based on the first normalized signal and the second 
normalized signal according to a quantity of spherical 
aberration produced at a focusing position of the light. 

[0049] A controller circuit according to a preferred 
embodiment of the present invention is used for controlling 
operations of an optical disc drive, having a light source 
and a light -receiving section, to read data from an optical 
disc and/or to write data having an information storage 
layer. The controller circuit preferably includes a 

microcomputer, a first and a second focus signal generating 
sections, a first and a second light quantity generating 
sections, a first and a second normalizing sections, and a 
detecting section. The microcomputer causes the light source 
to emit light and causes the light -receiving section to 
receive a peripheral part and a non- peripheral part of the 
light reflected by the information storage layer to generate 
a first detection signal from the peripheral part and a 
second detection signal from the non -peripheral part. The 



first focus signal generating section generates a first focus 
signal based on the first detection signal according to a 
focusing state of the light in the peripheral part. The 
second focus signal generating section generates a second 
focus signal based on the second detection signal according 
to a focusing state of the light in the non- peripheral part. 
The first light quantity generating section generates a first 
light quantity signal based on the first detection signal 
according to a light quantity of the peripheral part. The 
second light quantity generating section generates a second 
light quantity signal based on the second detection signal 
according to a light quantity of the non -peripheral part. 
The first normalizing section generates a first normalized 
signal by normalizing the first focus signal based on the 
first light quantity signal. The second normalizing section 
generates a second normalized signal by normalizing the 
second focus signal based on the second light quantity 
signal. The detecting section generates a spherical 

aberration signal based on the first normalized signal and 
the second normalized signal according to a quantity of 
spherical aberration produced at a focusing position of the 
light . 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0050] FIG. 1 Is an outside drawing showing the structure of 
an optical disc 20. 

[0051] FIG. 2 is a block diagram showing an optical disc 100 

according to Embodiment 1 . 

[0052] FIG. 3 is a diagram showing the specific 
configuration of a photodetector 4. 

[0053] FIG. 4 is a connection diagram of the elements of the 

photodetector 4, a preamplifier 11, and an optical disc 
controller 110. 

[0054] FIG. 5 is a flowchart showing the processing steps of 

the optical disc drive 100. 

[0055] FIG. 6A shows a light beam divided into an outer 
peripheral light beam 30-1 and an inner light beam 30-2 at the 
position of a 50% radius from the center of a received light 
beam. 

[0056] FIG. 6B is a waveform chart showing an outer 
peripheral FE signal. 

[0057] FIG. 6C is a waveform chart showing an inner FE 
signal. 

[0058] FIG. 6D is a waveform chart showing an outer 

peripheral AS signal. 
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[0059] FIG. 6E is a waveform chart showing an inner AS 
signal. 

[0060] FIG. 6F is a waveform chart showing an outer 

peripheral normalized FE signal. 

[0061] FIG. 6G is a waveform chart showing an inner 

normalized FE signal. 

[0062] FIG. 6H is a waveform chart showing an FE signal. 

[0063] FIG. 61 is a chart showing the waveform of a 

spherical aberration signal. 

[0064] FIG. 7A is a waveform chart showing an FE signal. 

[0065] FIG. 7B is a waveform chart showing a change in 

thickness of an optical disc at the irradiating position of a 
light beam. 

[0066] FIG. 7C is a waveform chart showing a conventional 

spherical aberration signal. 

[0067] FIG. 7D is a waveform chart showing a spherical 

aberration signal of the present embodiment. 

[0068] FIG. 8 is a block diagram showing an optical disc 
drive 200 according to Embodiment 2 . 

[0069] FIG. 9A is a block diagram showing an outer 
peripheral FE amplitude measurer 74. 



[0070] FIG. 9B is a block diagram showing an inner FE 
amplitude measurer 7 5 . 

[00711 Portion (a) of FIG. 10 is a waveform chart showing 
an outer peripheral FE signal. 

[0072] Portion (b) of FIG. 10 is a waveform chart showing 

an outer peripheral FE maximum value signal generated based on 
the outer peripheral FE signal of portion (a) . 

[0073] Portion (c) of FIG. 10 is a waveform chart showing 

an outer peripheral FE minimum value signal generated based on 
the outer peripheral FE signal of portion (a). 

[0074] Portion (d) of FIG. 10 is a waveform chart showing a 

focus drive signal. 

[0075] FIG. 11 is a block diagram showing an optical disc 

drive 300 of Embodiment 3. 

[0076] FIG. 12 is a connection diagram showing the elements 

of a photodetector 5, a preamplifier 12, and an optical disc 
controller 130. 

[0077] FIG. 13A is a waveform chart showing a spherical 
aberration signal. 

[0078] FIG. 13B is a waveform chart showing a reflected 
light quantity signal. 
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[0079] FIG. 13C Is a waveform chart showing a normalized 
spherical aberration signal. 

[0080] FIG. 14 is a block diagram showing a conventional 
optical disc drive 140. 

[0081] FIG. 15 is a connection diagram showing the 
photodetector 4 and the periphery of the preamplifier 11. 

[0082] FIG. 16A shows that no spherical aberration is 

produced at an information storage layer 29. 

[0083] FIG. 16B shows that spherical aberration is produced 

at the information storage layer 29 . 

[0084] FIG. 17A shows a light beam divided into an outer 

peripheral light beam 30-1 and an inner light beam 30-2 at the 
position of a 50% radius from the center of a received light 
beam. 

[0085] FIG. 17B is a waveform chart showing an outer 
peripheral FE signal. 

[0086] FIG. 17C is a waveform chart showing an inner FE 

signal. 

[0087] FIG. 17D is a waveform chart showing an FE signal. 

[0088] FIG. 17E is a waveform chart showing a spherical 
aberration signal. 
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[0089] FIG. 18A shows a light beam divided Into an outer 
peripheral light beam 30-1 and an Inner light beam 30-2 at the 
position of a 75% radius from the center of a received light 
beam. 

[0090] FIG. 18B is a waveform chart showing an outer 
peripheral FE signal. 

[0091] FIG. 18C is a waveform chart showing an inner FE 

signal. 

[0092] FIG. 18D is a waveform chart showing an FE signal. 

[0093] FIG. 18E is a waveform chart showing a spherical 

aberration signal. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0094] Embodiments of an optical disc apparatus according 
to the present invention will be described below with 
reference to the accompanying drawings . 

[0095] The optical disc apparatus according to the present 

invention reads and/or writes data from/ on the optical disc. 
The apparatus is, for example, an optical disc drive, which is 
explained below. 
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[0096] Prior to explanation on the optical disc drive, an 
optical disc will be discussed. FIG. 1 shows structure of an 
optical disc 20. The optical disc 20 is, for example, a 
writable Blu-ray disc (BD) and has a base material 21, a 
protective layer 25, and an Information storage layer 29. In 
the optical disc 20, the protective layer 25, the information 
storage layer 29, and the base material 21 are laminated in 
this order from the emitting side of a light beam 30. The 
base material 21 is a base with a thickness of about 1 mm and 
supports the Information storage layer 29. The Information 
storage layer 29 is used to store information. A phase- 
change material is formed thereon- The protective layer 25 
is a transparent medium with a thickness of about 0.1 mm that 
allows the passage of the light beam 30 while protecting the 
infoxroation storage layer 29 from blemishes and 
contaminations. For reference, FIG. 1 shows the light beam 
30 emitted to the optical disc 20. 



( Embodiment 1 ) 

[0097] The following will describe a first Embodiment of 
an optical disc drive according to the present invention. 

[0098] FIG. 2 shows configuration of the functional block 

of an optical disc drive 100 according to the present 
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embodiment. An optical disc 20 Is not an element but Is 
shown In FIG. 2 for convenience of explanation. 

[0099] The optical disc drive 100 read and/or write data 
from/ on the optical disc 20. The optical disc drive 100 
includes an optical head 6, drivers 9 and 33, a disc motor 10. 
a preamplifier 11, and an optical disc controller (ODC) 110. 
Note that ODC 110 may Include a plurality of controllers, 
which are implemented as a plurality of digital signal 
processors (DSPs) or as a plurality of functions of one or 
more DSPs . 

[0100] The optical head 6 includes lenses (1, 15), 

actuators (2, 34), a light source 3 and a photodetector 4. 

[0101] The lenses include an objective lens 1 and two 
spherical aberration correction lenses 15. The objective 
lens 1 focuses a light beam emitted from a light source 3, 
which will be described later. The spherical aberration 
correction lenses 15 are moved by the actuator 34, so that a 
spherical aberration produced at a beam spot is adjusted. 
Besides, the spherical aberration correction lenses 15 are 
used as one of means for correcting a spherical aberration 
produced at a beam spot on the information storage layer of 
the optical disc 20, and the means is not limited to a lens. 
Additionally, for example, an index of refraction may be 
changed by using a liquid crystal element so as to correct a 
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spherical aberration. 

[01021 The actuators Include a focus actuator 2 and a 
spherical aberration correction actuator 34. The focus 
actuator 2 moves the objective lens 1 In a substantially 
perpendicular direction (focusing direction) to the 
information storage layer 29 of the optical disc 20 to change 
the convergence position of a light beam. Meanwhile, the 
spherical aberration correction actuator 34 (hereinafter, 
referred to as a "correction actuator 34") adjusts a 
spherical aberration of a light beam by changing an interval 
between the two spherical aberration correction lenses 15. 

[0103] The light source 3 emits, for example, a blue laser 
beam (hereinafter, referred to as "light beam") with a 
wavelength of 405 nm. The photodetector 4 divides a 
reflected light beam 30 into a peripheral part (hereinafter, 
referred to as an "outer periphery") and a non- peripheral 
part (hereinafter, referred to as an "inner periphery"), 
receives each of the divided light beams, and generates a 
photocurrent signal of a level corresponding to a quantity of 
received light . 

[0104] The configuration of the photodetector 4 will be 
described in detail. FIG. 3 shows the specific configuration 
of the photodetector 4. The photodetector 4 has an outer 
peripheral photodetector 40, an inner photodetector 41, a 
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detection lens 46, a polarizing beam splitter 47, and two 
light shielding plates 48 and 49. The detection lens 46 
gathers the light beam 30 reflected from the optical disc 20. 

[0105] The polarizing beam splitter 47 transmits a half 
quantity of the reflected light beam 30 and reflects another 
half, so that the light beam 30 is divided into two part. 
The first light shielding plate 48 shields a light beam 
within a predetermined radius of the light beam 30 and 
generates a light beam 30-1 of the outer periphery (outer 
peripheral light beam). Meanwhile, the second light 
shielding plate 49 shields a light beam outside the 
predetermined radius of the light beam 30 and generates a 
light beam 30-2 of the inner periphery (inner light beam). 
The outer peripheral photodetector 40 and the inner 
photodetector 41 receive the outer peripheral light beam 30-1 
and the inner light beam 30-2, respectively. Then, the 
phot ode tec tors generate a photocurrent signal of a level 
corresponding to a quantity of received light. 

[0106] Referring to FIG. 2 again, the drivers include a 
focus actuator driver 9 and a beam expander driver 33. The 
focus actuator driver 9 generates a focus drive signal of a 
predetermined level based on a control signal. The beam 
expander driver 33 generates a drive signal of a 
predetermined level based on a spherical aberration signal. 
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[0107] A disc motor 10 rotates the optical disc 20 at a 
predetermined number of revolutions based on an RPM control 
signal. 

[0108] The preamplifier 11 has a current /voltage converter 
(I/V converter, not shown) and converts an inputted 
photocurrent signal to a voltage signal. The preamplifier 11 
may be Included In the optical head 6. 

[0109] An optical disc controller (ODC) 110 performs 
processing based on a voltage signal corresponding to a 
quantity of received light and generates signals to the 
drivers 9 and 33, which will be described later. The ODC 110 
can be constituted of one or more semiconductor chips. In 
such a configuration, the elements of the ODC 110, which will 
be described later, can be interpreted as the individual 
functions of the semiconductor chip. 

[0110] The ODC 110 has a focus error (FE) generator 7, a 
microcomputer 8, a focus controller 17, a spherical 
aberration detector 31, a spherical aberration controller 35, 
an outer peripheral FE generator 44, an inner FE generator 45, 
an outer peripheral AS generator 70, an inner AS generator 71, 
an outer periphery normalized FE generator 72, and an Inner 
periphery normalized FE generator 73. 

[0111] The focus error generator 7 calculates the sum of 
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an outer peripheral FE signal, which is an output signal of 
the outer peripheral FE generator 44, and an inner FE signal, 
which is an output signal of the inner FE generator 45, to 
generate an FE signal. Although the obtained FE signal is 
different in generating method from an FE signal generated by 
an astigmatism method, the characteristics are the same. 
Besides, the focus error generator 7 may generate an FE 
signal based on the sum of an outer periphery normalized FE 
signal and an inner periphery normalized FE signal. Also in 
this case, although the obtained FE signal is different in 
generating method from an FE signal generated by the 
astigmatism method, the characteristics are the same. 

[0112] The microcomputer 8 provides instructions to start 
and end operations and to generate and output signals in the 
constitutional elements . 

[0113] The focus controller 17 performs filtering 
operation on an input signal and compensation of a phase, a 
gain, and so on, and outputs an obtained signal. 

[0114] The spherical aberration detector 31 detects state 
of spherical aberration produced at a beam spot based on a 
signal from the photodetector 4 and generates a spherical 
aberration signal. To be specific, the spherical aberration 
detector 31 calculates a difference between an output signal 
of the outer periphery normalized FE generator 72 and an 
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output signal of the inner periphery normalized FE generator 
73, generates a spherical aberration signal, and outputs the 
signal. 

[0115] The spherical aberration controller 35 compensates 
a phase of the spherical aberration signal. After filter 
computing such as gain compensation is performed, the 
spherical aberration controller 35 outputs the processed 
spherical aberration signal to the beam expander driver 33. 

[0116] The outer peripheral FE generator 44 and the inner 
FE generator 45 generate an outer peripheral FE signal and an 
inner FE signal based on an input signal by the astigmatism 
method and output the signals. These elements will be 
described later. 

[0117] The outer peripheral AS generator 70 generates an 
outer peripheral AS signal, which indicates a light quantity 
of an outer peripheral light beam, based on an output signal 
of the preamplifier 11. The inner AS generator 71 generates 
an inner AS signal, which indicates a light quantity of an 
inner light beam, based on an output signal of the 
preamplifier 11. 

[0118] The outer periphery normalized FE generator 72 
normalizes the outer peripheral FE signal based on the outer 
peripheral AS signal to generate an outer periphery 
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normalized FE signal. The Inner periphery normalized FE 
generator 73 normalizes the Inner FE signal based on the 
inner AS signal to generate an inner periphery normalized FE 
signal. The "normalization" indicates that the signal values 
of the outer peripheral FE signal/inner FE signal at each 
time are divided by the signal values of the outer peripheral 
AS signal/inner AS signal obtained at the same time. More 
specific explanation will be provided later. 

[0119] Referring to FIG. 4, the process of generating the 
above signals will be specifically described. FIG. 4 shows 
connections of the photodetector A. the preamplifier 11, and 
the ODC 110 . The photodetector 4 has an outer peripheral 
photodetector 40 and an inner photodetector 41. Since the 
same processing is performed on an outer peripheral light 
beam as an inner light beam, only processing on an outer 
peripheral light beam will be described below. Regarding 
processing on an inner light beam, the outer peripheral FE 
generator 44 is replaced with the corresponding element such 
as the inner FE generator 45. 

[0120] The outer peripheral photodetector 40 is divided 
into four regions of A, B, C, and D. The regions each 
receive an outer peripheral light beam, generate photocurrent 
signals according to a light quantity, and output the signals 
to the corresponding outer peripheral I/V converters 42a, 42b, 
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42c, and 42d of the preamplifier 11. The photocurrent 
signals are subjected to current to voltage conversion in the 
outer peripheral I/V converters 42a, 42b, 42c, and 4 2d, and 
voltage signals are transmitted to the outer peripheral FE 
generator 44 and the outer peripheral AS generator 70. 

[0121] The outer peripheral FE generator 44 calculates the 
sum of the voltage signals of the outer peripheral I/V 
converters 42a and 42c, the sxim of the voltage signals of the 
outer peripheral I/V converters 42b and 42d, and a difference 
between the sums. As a result, the outer peripheral FE 
generator 44 obtains an outer peripheral FE signal according 
to the astigmatism method. The outer peripheral AS generator 
70 adds the voltage signals of the outer peripheral I/V 
converters 42a, 42b, 42c, and 42d and generates an outer 
peripheral AS signal indicating a total light quantity of the 
outer peripheral light beam. By dividing the outer 
peripheral FE signal by the outer peripheral AS signal, the 
outer periphery normalized FE generator 72 obtains an outer 
periphery normalized FE signal, in which the outer peripheral 
FE signal is normalized by a total light quantity of the 
outer periphery. 

[0122] Referring to FIG. 5, the spherical aberration 
control of the optical disc drive 100 will be described below. 
FIG. 5 shows the processing steps of the optical disc drive 
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100. First, in step 501, the light source 3 Irradiates the 
optical disc 20 with the light beam 30. Next, in step 502, 
the photodetector 4 separately receives an inner light beam 
and an outer peripheral light beam that have been reflected 
by the optical disc 20. and the photodetector 4 outputs 
photocurrent signals according to light quantities. In step 
503, the preamplifier 11 converts the photocurrent signals to 
voltage signals. 

[0123] in step 504. the outer peripheral FE generators 44 

and 45 generate the focus error signals of the outer 
peripheral light and the inner light based on the voltage 
signals. Meanwhile, in step 505. the outer peripheral AS 
generator 70 and the inner AS generator 71 generate the light 
quantity signals of the outer peripheral light and the inner 
light based on the voltage signals. Note that steps 504 and 
505 may be performed in any order. 

[0124] In step 506. the outer periphery normalized FE 

generator 72 and the inner periphery normalized FE generator 
73 normalize the focus error signals of the outer peripheral 
light and the inner light based on the light quantity signals. 
In step 507, the spherical aberration detector 31 generates a 
spherical aberration signal according to a quantity of 
spherical aberration based on the normalized focus error 
signals. Finally, in step 508, the beam expander driver 33 
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generates a drive signal based on the spherical aberration 
signal and corrects spherical aberration based on the signal 
value of the drive signal. The above processing realizes 
spherical aberration control. 

[0125] Referring to FIGS. 6A to 61, the following will 
describe the signals obtained by the processing of the 
optical disc drive 100 according to the present embodiment. 
In the following explanation, spherical aberration control Is 
not performed. 

[0126] FIG. 6A shows a light beam divided into the outer 

peripheral light beam 30-1 and the inner light beam 30-2 at 
the position of a 50% radius from the center of the received 
light beam. Such a light beam can be obtained by adjusting 
the first and the second light shielding plates 48 and 49. 
FIG. 6B shows the waveform of the outer peripheral EE signal. 
Similarly, FIG. 6C Indicates the waveform of the inner FE 
signal, FIG. 6D shows the waveform of the outer peripheral AS 
signal, FIG. 6E shows the waveform of the inner AS signal, 
FIG. 6F shows the waveform of the outer peripheory normalized 
FE signal, FIG. 6G shows the waveform of the inner periphery 
normalized FE signal, FIG. 6H shows the waveform of the FE 
signal, and FIG. 61 shows the waveform of the spherical 
aberration signal. As described above, the sum of the outer 
peripheral FE signal shown in FIG. 6B and the Inner FE signal 
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shown in FIG. 6C Is the FE signal of FIG. 6H, and a signal 
obtained by subtracting the inner periphery normalized FE 
signal of FIG. 6G from the outer periphery normalized FE 
signal of FIG. 6F is the spherical aberration signal of FIG. 
61. The vertical axes indicate the voltages of the signals 
and the horizontal axes indicate defocusing quantities. 

[0127] When a light beam is divided into the outer 
peripheral light beam 30-1 and the inner light beam 30-2 as 
shown in FIG. 6A, the outer periphery is larger in light 
quantity than the inner periphery. Thus, the outer 

peripheral FE signal of FIG. 6B becomes larger in amplitude 
than the inner FE signal of FIG. 6C. Further, the outer 
peripheral AS signal of FIG. 6D becomes larger in amplitude 
than the inner AS signal of FIG. 6E at the same ratio as that 
of the above two signals. As a result, the outer periphery 
normalized FE signal at the normalization of the outer 
peripheral FE signal of FIG. 6B based on the outer peripheral 
AS signal of FIG. 6D is equal in amplitude to the inner 
periphery normalized FE signal at the normalization of the 
inner FE signal of FIG. 6C based on the inner AS signal of 
FIG. 6E. Hence, the value of the spherical aberration signal 
with the waveform (i) is maintained constant. The spherical 
aberration signal is a difference signal of the outer 
periphery normalized FE signal and the inner periphery 
normalized FE signal. As is understood from FIG. 61, the 



spherical aberration signal Is not changed according to a 
defocuslng quantity or Is not affected by defocuslng. 

[0128] Referring to FIGS. 7A to 7D, the following will 
describe that the spherical aberration signal obtained by the 
processing of the optical disc 100 is not affected by 
defocuslng. FIG. 7A shows the waveform of the FE signal. 
FIG. 7B shows a change In thickness of the optical disc at 
the irradiating position of a light beam. FIGS. 7C and 7D 
show the waveforms of the spherical aberration signals 
according to the conventional art and the present embodiment. 
The vertical axes Indicate the voltages of the signals, and 
the horizontal axes indicate time. In the following 
explanation, focus control is performed but spherical 
aberration control is not performed in the optical disc drive. 

[0129] In focus control, defocus beyond a control band 

cannot be tracked and appears as an FE signal FE(t) of FIG. 
7A. At this point, when a spherical aberration signal is 
obtained by a conventional method, the signal is affected by 
defocuslng, so that an uneven thickness d(t) of the optical 
disc in FIG. 7B has a signal waveform SE(t) of FIG. 7C. The 
signal waveform SE(t) is expressed by the following equation: 
SE(t) = FE(t) K + d(t) where K indicates a fixed 

predetermined value. Thus, the conventional method cannot 
precisely detect a spherical aberration caused by the uneven 
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thickness of the optical disc. 

[0130] On the other hand, as described before, since the 
spherical aberration signal of the optical disc drive 100 
according to the present embodiment is not affected by 
defocusing, as shown in FIG. 7D, it is possible to precisely 
detect a spherical aberration caused by the uneven thickness 
of the optical disc. Therefore, by correcting a spherical 
aberration based on the spherical aberration signal of the 
present embodiment, a spherical aberration can be corrected 
with high accuracy and an optical disc drive can be obtained 
with higher reliability of reading and writing operation. 

(Embodiment 2) 

[0131] Referring to FIG. 8, a second embodiment of an 
optical disc according to the present invention will be 
described. FIG. 8 shows configuration of the functional 
block of an optical disc drive 200 according to the present 
embodiment. As with FIG. 2, an optical disc 20 is not an 
element but is shown in FIG. 8 for convenience of explanation. 

[0132] The optical disc drive 200 of the present embodiment 
is different from the optical disc drive 100 of a first 
embodiment in that a focus error signal is normalized by 
using the amplitude of the focus error signal and a spherical 
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aberration is controlled. The difference is indicated in an 
optical disc controller (ODC) 120 of the optical disc drive 
200. Namely, the ODC 120 of the present embodiment is 
different from the ODC 110 of a first embodiment in an outer 
peripheral FE amplitude measurer 74, an inner FE amplitude 
measurer 75, an outer periphery normalized FE generator 80, 
and an inner periphery normalized FE generator 81. The 
following will describe these elements. Some elements of the 
optical disc drive 200 have the same functions and operations 
as those of the optical disc drive 100. Such elements are 
indicated by the same reference numerals and names and the 
explanation thereof is omitted. 

[01331 In FIG. 8, the outer peripheral FE amplitude 

measurer 74 measures the amplitude of an outer peripheral FE 
signal in response to instructions from a microcomputer 8 to 
start and end measurement. The outer peripheral FE signal is 
an output signal of an outer peripheral FE generator 44. The 
outer peripheral FE amplitude measurer 74 outputs outer 
peripheral FE amplitude, which is the measurement result, as 
an outer peripheral FE amplitude signal to an outer periphery 
normalized FE generator 80. 

[0134] Similarly, the inner FE amplitude measurer 75 

measures the amplitude of an inner FE signal in response to 
instructions from the microcomputer 8 to start and end 
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measurement. The inner FE signal is an output signal of an 
inner FE generator 45. The inner FE amplitude measurer 75 
outputs inner FE amplitude, which is the measurement result, 
as an inner FE amplitude signal to an inner periphery 
normalized FE generator 81. 

[0135] The outer periphery normalized FE generator 80 
normalizes the outer peripheral FE signal based on the outer 
peripheral FE amplitude signal and generates an outer 
periphery normalized FE signal. The inner periphery 

normalized FE generator 81 normalizes the inner FE signal 
based on the inner FE amplitude signal and generates an inner 
periphery normalized FE signal. The "normalization" 

indicates that the signal values of the outer peripheral FE 
signal /inner FE signal at each time are divided by the signal 
values of the outer peripheral FE amplitude signal/ inner FE 
amplitude signal obtained at the same time. After the 
normalization, a spherical aberration detector 31 calculates 
a difference between the outer periphery normalized FE signal 
and the inner periphery normalized FE signal , generates a 
spherical aberration signal, and outputs the signal. Then, a 
spherical aberration is adjusted based on the spherical 
aberration signal. 

[0136] Referring to FIGS. 9A and 9B and FIGS. lOA to lOD, 
the outer peripheral FE amplitude measurer 74 and the inner 
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FE amplitude measurer 75 will be described In detail. 

[0137] FIG. 9A shows a block configuration of the outer 
peripheral FE amplitude measurer 74. FIG. 9B shows a block 
configuration of the Inner FE amplitude measurer 75 . The 
outer peripheral FE amplitude measurer 74 and the Inner FE 
amplitude measurer 75 are different from each other only In 
that an operation Is performed In response to the outer 
peripheral FE signal or the Inner FE signal. Hence, the 
following will mainly discuss the configuration and 
operations of the outer peripheral FE amplitude measurer 74. 

[0138] As shown in FIG. 9A, the outer peripheral FE 
amplitude measurer 74 Includes an outer peripheral FE maximum 
value measurer 76, an outer peripheral FE minimum value 
measurer 77, and an outer peripheral differential computing 
unit 82. The outer peripheral FE maximum value measurer 76 
(hereinafter, referred to as a "maximum value measurer 76") 
and the outer peripheral FE minimum value measurer 77 
(hereinafter, referred to as a "minimum value measurer 77") 
receive the outer peripheral FE signal from the outer 
peripheral FE generator 44 and starts operating according to 
the Instructions of the microcomputer 8 to start and end 
measurement. Namely, the maximum value measurer 76 detects a 
maximum level (maximum value) of the outer peripheral FE 
signal and outputs an outer peripheral FE maximum value 
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signal, and the mlnlmiim value measurer 77 detects a minimum 
level (minimum value) of the outer peripheral FE signal and 
outputs an outer peripheral FE minimum value signal. 

[0139] The outer peripheral differential computing unit 82 

(hereinafter, referred to as a "computing unit 82") 
calculates a difference between the outer peripheral FE 
maximum value signal and the outer peripheral FE minimum 
signal and outputs an outer peripheral FE amplitude signal. 
On the other hand, the inner differential computing unit 83 
(hereinafter, referred to as a "computing unit 83") of FIG. 
9B calculates a difference between the maximum value and the 
minimum value of the inner FE signal and outputs an inner FE 
amplitude signal. Note that computing units 82 and 83 
continue to output the outer and the inner FE amplitude 
signals even after they receive the instructions of the 
microcomputer 8 to end measurement . 

[0140] Portion (a) of FIG. 10 shows an exemplary waveform 

of the outer peripheral FE signal. The vertical axis 
indicates a voltage of the signal and the horizontal axis 
indicates time, also in the charts below. It is assumed that 
the outer peripheral FE signal has the maximuim value FEa (> 
0) at time t2 and the minimum value FEb (< 0) at time t4. 
Portion (b) of FIG. 10 shows an exemplary waveform of the 
outer peripheral FE maiximum value signal which is generated 
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based on the outer peripheral FE signal of portion (a). The 
outer peripheral FE maximum signal follows the outer 
peripheral FE signal until time t2 and stores a value FEa 
after time t2 . Portion (c) of FIG. 10 shows an exemplary 
waveform of the outer peripheral FE minimum value signal 
which is generated based on the outer peripheral FE signal of 
portion (a) . The outer peripheral FE minimum value signal 
sequentially stores minimum values before time t4 and stores 
a value FEb after time t4. Portion (d) of FIG. 10 shows an 
exemplary waveform of a focus drive signal. The signal is 
outputted from a focus controller 17 to a focus actuator 
driver 9 at time tl and is used for. amplitude search of the 
outer peripheral FE signal. 

[0141] Referring to FIG. 8 again, the spherical aberration 

control of the optical disc drive 200 will be described below. 
First, the microcomputer 8 instructs the focus controller 17 
to output the focus drive signal of portion (d) of FIG. 10 
and simultaneously instructs the maximiim value measurer 76 
and the minimiim value measurer 77 to start measurement. 

[0142] Then, a focus actuator driver 9 moves an objective 
lens 1 perpendicularly to the information storage layer of 
the optical disc 20 according to the focus drive signal and 
brings the objective lens 1 close to the optical disc 20. By 
bringing the object lens 1 close to the optical disc 20, a 
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beam spot is moved perpendicularly to the information storage 
layer of the optical disc 20 and the outer peripheral FE 
signal has the maximum value at time t2 (FIG. 7A) . 

[0143] The focus actuator driver 9 further brings the 
object lens 1 closer to the optical disc 20 and the approach 
is suspended at time t3 when the beam spot passes through a 
position coincident with the information storage layer of the 
optical disc 20. Then, after time t3, the focus actuator 
driver 9 changes the moving direction to a direction of 
separating the object lens 1 from the optical disc 20. As a 
result, the outer peripheral FE signal has the minimum value 
at time t4. After the beam spot passes through a position 
coincident with the information storage layer of the optical 
disc 20, the driving of the objective lens 1 is completed at 
time t5. 

[0144] During time tl and t5, the maximum value measurer 76 
outputs the signal shown in portion (b) of FIG. 10 and the 
minimum value measurer 77 outputs the signal shown in portion 
(c) of FIG. 10. Then, at time t5, the computing unit 82 
calculates a difference between the outer peripheral FE 
maximum value signal having the value FEa and the outer 
peripheral FE minimum value signal having the value FEb and 
outputs amplitude FEpp of the outer peripheral FE signal. 
The FE amplitude FEpp is obtained by the following equation: 



50 



FEpp = FEa - FEb = |FEa| + |FEb| 

[0145] By dividing each value of the outer peripheral FE 
signal by each value of the outer peripheral FE amplitude 
signal, the outer periphery normalized FE generator 80 
obtains an each value of an outer periphery normalized FE 
signal, in which the outer peripheral FE signal is normalized 
by the outer peripheral FE amplitude signal. The inner FE 
amplitude measurer 75 also measures the amplitude of the 
inner FE signal as the outer peripheral FE amplitude measurer 
74 and outputs the inner FE amplitude signal. By dividing 
each value of the inner FE signal by each value of the inner 
FE amplitude signal, the inner periphery normalized FE 
generator 81 obtains each value of an inner periphery 
normalized FE signal, in which the inner FE signal is 
normalized by the inner FE amplitude signal. 

[0146] The spherical aberration detector 31 generates a 

spherical aberration signal based on a difference between the 
outer periphery normalized FE signal and the inner periphery 
normalized FE signal, and a spherical aberration controller 
35 performs predetermined processing on the signal. When a 
beam expander driver 33 generates a drive signal based on the 
processed spherical aberration signal, a correction actuator 
34 changes an interval between two spherical aberration 
correction lenses 15 according to the signal value of the 
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drive signal. As a result, the path of light changes in 
optical characteristics and correction is performed so as to 
have the spherical aberration of substantially 0. The above 
processing achieves spherical aberration control. 

[0147] According to the above processing, each of the 
signal values of the outer peripheral FE amplitude signal and 
the inner FE amplitude signal have the same ratio as those of 
the outer peripheral FE signal and the inner FE signal. Thus, 
as the processing of a first embodiment, the outer peripheral 
FE signal and the inner FE signal are normalized based on the 
outer peripheral FE amplitude signal and the inner amplitude 
signal, and the spherical aberration signal can be obtained 
based on the difference between the outer and the inner 
periphery FE signals. As a result of the above processing, 
as shown in FIG. 61, the spherical aberration signal can be 
obtained as a signal maintained at a constant value without 
being affected by defocusing. 

[0148] Besides. the explanation on a first Embodiment 

shown in FIGS. 7A to 7D can be used as it is for the present 
embodiment. Namely, as described above. the spherical 
aberration signal obtained by the processing of the present 
embodiment is not affected by defocusing. Thus, as shown in 
FIG. 7D, it is possible to precisely detect a spherical 
aberration caused by an uneven thickness of the optical disc. 
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Therefore, by correcting a spherical aberration based on the 
spherical aberration signal of the present embodiment, a 

spherical aberration can be corrected with high accuracy and 
an optical disc drive can be obtained with higher reliability 
of reading and writing operation. 

( Embodiment 3 ) 

[0149] Referring to FIG. 11, a third embodiment of an 
optical disc according to the present invention will be 
described. FIG. 11 shows the configuration of the 

functional block of an optical disc drive 300. As with FIG. 
2, an optical disc 20 is not an element of the optical disc 
drive 300 but Is shown in FIG. 11 for convenience of 
explanation. 

[0150] One of primary features of the optical disc drive 
300 according to the present embodiment is that a spherical 
aberration signal is normalized and the spherical aberration 
is controlled based on the normalized signal. For an optical 
disc having the recorded area and the unrecorded area, the 
object of the normalization of a spherical aberration signal 
is to remove the influence exerted on the spherical 
aberration signal depending upon whether a recorded area or 
an unrecorded area is read. The processing is realized by a 
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photodetector 5, a preamplifier 12, and an optical disc 
controller (ODC) 130 of the optical disc drive 300. These 
elements will be mainly described below. Some elements of 
the optical disc drive 300 have the same functions and 
operations as those of an optical disc drive 100 or a 
conventional optical disc 140. Such elements are indicated 
by the same reference numerals and names and the explanation 
thereof is omitted. An optical disc 20 of the present 
embodiment may be a recordable medium such as PD, DVD-RAM, 
DVD-RW, DVD+RW, CD-RW and BD-RE that are made of a phase 
change material as well as BD-R, DVD-R, DVD+R, CD-R and so on 
that have an information storage layer made of an organic dye. 

[0151] First, referring to FIG. 12, the photodetector 5 
and the preamplifier 12 of the present embodiment will be 
described below. FIG. 12 shows the connecting relationship 
of the elements of the photodetector 5, the preamplifier 12, 
and the ODC 130. 

[0152] The photodetector 5 is configured so that a total 

photodetector 14 having four light -receiving areas is added 
to the photodetector 4 of a first embodiment. Regarding the 
same elements as the photodetector 4 of a first embodiment, 
explanation is omitted. The total photodetector 14 will be 
described below. The total photodetector 14 receives the 
entire light beam, generates a photocurrent signal 
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corresponding to a total light quantity, and outputs the 
signal to corresponding I/V converters 65a, 65b. 65c, and 65d 
of the preamplifier 12. The I/V converters 65a, 65b, 65c, 
and 65d perform current to voltage conversion on the 
photocurrent signal and transmit a voltage signal to a 
reflected light quantity detector 13. Note that the 
reflected light quantity detector 13 receives voltage signals 
outputted from the areas of an outer peripheral I/V converter 
42 and an inner I/V converter 43 in addition to the voltage 
signal corresponding to the light quantity of the entire 
light beam, and the reflected light quantity detector 13 
outputs a reflected light quantity signal indicating a 
quantity of reflected light. Hence, it is possible to 
improve an signal-to-noise ratio of the light quantity signal. 
However, it is not always necessary to use the total 
photodetector 14. Total reflected light may be obtained by 
using an outer peripheral photodetector 40 and an inner 
photodetector 41. In order to introduce the entire light 
beam to the total photodetector 14, for example, the same 
element as a polarizing beam splitter 47 is disposed between 
a detection lens 46 and a polarizing beam splitter 47 of FIG. 
3, reflected light is emitted to the total photodetector 14, 
and transmitted light is emitted to the polarizing beam 
splitter 47. On the other hand, a focus error generator 7 
and a spherical aberration detector 31 output an FE signal 
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and a spherical aberration signal, respectively. Since the 
processing is the same as the optical disc drive 100 of a 
first embodiment, the explanation thereof is omitted. 

[0153] Referring to FIG. 11 again, a normalized spherical 

aberration detector 38 normalizes a spherical aberration 
signal based on a reflected light quantity signal outputted 
from the reflected light quantity detector 13 and outputs a 
normalized spherical aberration signal. The "normalization" 
indicates that the signal value of the spherical aberration 
signal at each time is divided by the signal value of the 
reflected light quantity signal obtained at the same time. 
Thereafter, a spherical aberration controller 35 compensates 
the phase, gain, and so on of the noimalized spherical 
aberration signal, performs filter computing, and generates a 
drive signal based on the processed normalized spherical 
aberration signal. The drive signal is outputted to a beam 
expander driver 33. The beam expander driver 33 generates a 
drive signal of a predetermined level based on the normalized 
spherical aberration signal. 

[0154] Referring to FIGS. 13A to 13C, the following will 
describe the influence on the waveform of a signal at the 
read operation of the optical disc 20 including a recorded 
area and an unrecorded area. FIG. 13A shows the waveform of 
the spherical aberration signal, FIG. 13B shows the waveform 
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of the reflected light quantity signal, and FIG. 13C shows 
the waveform of the normalized spherical aberration signal. 
The vertical axes indicate the voltages of the signals and 
the horizontal eixes indicate time. In the following 
explanation, focus control is performed but spherical 
aberration control is not performed in the optical disc drive. 

[0155] Vttien the optical disc 20 is read where an 
Information storage layer 29 includes the recorded area 
having written data and the unrecorded area not having 
written data, the spherical aberration signal of FIG. 13A is 
obtained. The spherical aberration signal is obtained by 
reading data in the recorded area until time tl. A spherical 
aberration caused by the uneven thickness of a protective 
layer 25 of the optical disc 20 appears as a spherical 
aberration signal with a constant sensitivity. Subsequently, 
a light beam is emitted to the unrecorded area between time 
tl and t2. Since the unrecorded area is higher in 
sensitivity to detect a spherical aberration than the 
recorded area, the spherical aberration signal increases in 
amplitude. Thereafter, the read operation for the recorded 
area is restarted after time t2. Thus, the detection 
sensitivity of spherical aberration becomes equal to 
sensitivity before time tl, and the amplitude of the 
spherical aberration signal returns to the level before time 
tl. 
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[0156] As shown in FIG. 13B, a quantity of reflected light 
differs in detected value between the recorded area and the 
unrecorded area. The quantity of reflected light for the 
unrecorded area represents larger detected value. Further, a 
quantity of reflected light is proportionate to a change in 
sensitivity of the spherical aberration signal shown in FIG. 
13A. In other words, the spherical aberration signal changes 
in detection sensitivity according to a change in quantity of 
reflected light in the recorded area and the unrecorded area. 

[0157] Hence, by dividing the spherical aberration signal 
by the reflected light quantity signal, the obtained 
normalized spherical aberration signal (FIG. 13C) permits 
precise detection of a spherical aberration, which is caused 
by an uneven thickness of a protective layer of the optical 
disc 20, with a constant detection sensitivity in both of the 
recorded area and the unrecorded area. 

[0158] The following will examine the spherical aberration 

signal of FIG. ISA as a conventional spherical aberration 
signal. Since the read operation of the recorded area and 
the unrecorded area are different in sensitivity to detect a 
spherical aberration, an open-loop gain of the spherical 
aberration control using the spherical aberration signal is 
different between the read operation of the recorded area and 
the unrecorded area, resulting in unstable spherical 
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aberration control. 

[0159] However, as shown in FIG. 13C, since the normalized 
spherical aberration signal is not affected by a change in 
quantity of reflected light of the recorded area and the 
unrecorded area, it is possible to precisely detect a 
spherical aberration caused by an uneven thickness of the 
optical disc. Hence, when a spherical aberration is 
corrected based on the normalized spherical aberration signal 
of the present embodiment, it is possible to correct a 
spherical aberration with high accuracy, thereby providing an 
optical disc drive capable of writing and reading with higher 
stability. 

[0160] Although the above explanation described that the 
reflected light quantity detector 13 detects a total quantity 
of light reflected from the information storage layer of the 
optical disc 20, the reflected light quantity detector 13 may 
detect only a quantity of light received by the photodetector 
where the largest light quantity is detected. Also when the 
quantity of received light is used as the reflected light 
quantity signal, the normalized spherical aberration signal 
is not affected by a change in quantity of reflected light of 
the recorded area and the unrecorded area. Therefore, also 
in this case, the above effect can be achieved and an optical 
disc drive can be offered with a simple circuit configuration 
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In optical disc drives according to the first and second 
embodiments, reflected light Is received by the two 
photodetectors of the outer peripheral photodetector 40 and 
the inner photodetector 41 and the light quantity of the 
reflected light is efficiently used without the provision of 
a photodetector for detecting a total quantity of light. 
Thus, it is possible to detect a spherical aberration signal 
and a focus error signal with a high signal-to-noise ratio. 

[0161] The optical disc drive according to the foregoing 
embodiments perform operations according to computer programs. 
The computer programs are executed by a CPU (not shown) for 
controlling the operations of the whole optical disc drive. 
The computer programs can be recorded in a optical recording 
medium represented by an optical disc, a semiconductor 
recording medium represented by an SD memory card and an 
EEPROM, and a recording medium such as a magnetic recording 
medium represented by a flexible disc. Further, the optical 
disc drive 100 can receive computer programs via a 
telecommunications line such as the Internet as well as 
recording mediums. Such computer programs are distributed in 
commerce as computer program products. 

[0162] The optical disc controller can be formed by one or 
more semiconductor chip circuits. In such a configuration, 
the elements included in the optical disc controller can be 
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interpreted as the individual functions of the semiconductor 
chip circuit. Moreover, the above computer programs are 
recorded in the recorded area of the semiconductor chip 
circuit, and the microcomputer 8 performs processing 
according to the computer programs. 

[0163] Since the optical disc drive of the present 

invention generates a spherical aberration signal not being 
affected by defocusing, it is possible to accurately detect a 
spherical aberration caused by an uneven thickness of the 
optical disc and accurately detect a spherical aberration not 
being affected by the defocusing of focus control. Thus, the 
optical disc drive is useful for writing/reading data with 
high density. 

[0164] While the present invention has been described with 
respect to preferred embodiments thereof, it will be apparent 
to those skilled in the art that the disclosed invention may 
be modified in numerous ways and may assume many embodiments 
other than those specifically described above. Accordingly, 
it is intended by the appended claims to cover all 
modifications of the invention that fall within the true 
spirit and scope of the invention. 
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